Acetone (CH3COCH 3) was found to be the dominant nonmethane organic species present in the atmosphere sampled primarily over eastern Canada (0-6 kin, 35ø-65øN) during ABLE3B (July to August 1990). A concentration range of 357 to 2310 ppt (=10 -12 v/v) with a mean value of 1140 + 413 ppt was measured. Under extremely clean conditions, generally involving Arctic flows, lowest (background) mixing ratios of 550 _+ 100 ppt were present in much of the troposphere studied. Correlations between atmospheric mixing ratios of acetone and select species such as C2H2, CO, C3H8, C2C14 and isoprene provided important clues to its possible sources and to the causes of its atmospheric variability. Biomass burning as a source of acetone has been identified for the first time. By using atmospheric data and three-dimensional photochemical models, a global acetone source of 40-60 Tg (=1012 g)/yr is estimated to be present. Secondary formation from the atmospheric oxidation of precursor hydrocarbons (principally propane, isobutane, and isobutene) provides the single largest source (51%). The remainder is attributable to biomass burning (26%), direct biogenic emissions (21%), and primary anthropogenic emissions (3%). Atmospheric removal of acetone is estimated to be due to photolysis (64%), reaction with OH radicals (24%), and deposition (12%). Model calculations also suggest that acetone photolysis contributed significantly to PAN formation (100-200 ppt) in .the middle and upper troposphere of the sampled region and may be important globally. While the source-sink equation appears to be roughly balanced, much more atmospheric and source data, especially from the southern hemisphere, are needed to reliably quantify the atmospheric budget of acetone.
While several carbonyl species have been studied in polluted atmospheres [Vairavamurthy et al., 1992] , formaldehyde is the only one to receive significant attention in global tropospheric chemistry studies. One of the most abundant reactive oxygenated species in the remote atmosphere is acetone. It was first measured by Cavanagh et a l. [1969] at a concentration of about 1 ppb in the uncontaminated Arctic air of Point Barrow, Alaska. S ingh and Hanst [1981] used a photochemical model to suggest that acetone is an ubiquitous atmospheric species resulting from the oxidation of propane. They also showed that acetone can produce free radicals which sequester reactive nitrogen in the form of PAN. Recent photochemical studies have used one-dimensional and two-dimensional models to describe its atmospheric structure based on its source resulting from the oxidation of molecules such as propane and isobutane [Kasting and Singh, 1986 Species of interest, such as acetone, were cryogenically (-170øC) enriched from a 300 ml (0øC, 1 atm) air sample in a multistage open tube trap connected to a ten-port gas sample valve. The concentrate was then injected into a precolumn containing two stationary phases. The first section of the packed precolumn was 20 cm x 0.18 cm ID section of 10% carbowax 600 on Supelcoport connected to a second section of 30-cm length containing 0.2% carbowax 1500 on Carbopack. The precolumns and valve assembly were held at 42øC. The compounds flushed through the precolumn were cryofocused in second dual stage trap attached to a six-port valve. When acetone was collected in the second trap (time program), the two phase precolumn was backflushed to substantially eliminate potential interferences such as water and high boiling organics. Trapped material from the second precolumn was injected into the main analytical column by heating it to 70øC. The main analytical column itself was a 30 m x 0.75 mm 1/•m Supelcowax 10 glass capillary column fitted with a 0.2 m x 1 mm 10% carbowax 1000 on Supelcoport guard column. A helium carrier gas flow rate of 10 cm3/min and an isothermal oven temperature of 47øC were employed. A make up flow of 10 cm3/min was provided to allow the RGD to receive a total of 20 cm3/min of helium.
In-flight calibrations were performed with the help of an acetone permeation tube (VICI-Metronics) held at 0øC in an icepoint flight dewar. This tube permeated at a mean rate of 58 ng/min of acetone. A dynamic dilution system using compressed ultrazero air was used to generate acetone standards in the 50 to 3000 ppt range bracketing actual tropospheric measurements. To ensure that the permeation tube was uncontaminated and behaved properly, laboratory standards were prepared in a variety of liquid medium and compared with the acetone standards generated from the acetone permeation tube. These comparisons agreed to typically within 10% and confirmed the purity of the acetone emission. It is noted that the same studies also showed that the acetaldehyde permeation tube did not work properly and the gravimetric loss rates did not correspond to acetaldehyde emissions over a period of several weeks. One of the causes was found to be the slow oxidation of acetaldehyde to acetic acid. In the field, all calibrations were performed with the acetone permeation system. As is shown in Figure 1 , the detector is linear in the concentration range of interest. ABLE3B provided the first opportunity for the deployment of this GC-RGD system aboard an aircraft. During field operation the system had a sensitivity of 10 ppt acetone (300-m! standard sample) and a measurement was made about every 12 min. The sampling frequency was in part dictated by the fact that the RGD system shared its computer control with the PAN instrument. A precision of +10% and an overall accuracy of about +15% are estimated.
RESULTS AND DISCUSSION
Acetone measurements were made starting with the Goose Bay operation and continued till the end of ABLE3B (missions 13-22). An integrated data file, containing acetone data and the corresponding mixing ratios of a large variety of trace species measured by ABLE3B investigators, was created for the purpose of data analysis. These complementary data were averaged within the acetone sampling window. In the analysis and interpretation that follows, it is important to remember that all measurements are not exactly overlapping in time and space. 
Relationships Between Acetone and Selected Tracer and Oxidized Species
As has been previously stated, the measured concentration of acetone showed significant variability above its geochemical background of 400-600 ppt. The relationship between acetone and other primary and oxidized species is explored to get a better understanding of the nature of its sources. Figure 6 shows these correlations with select molecules such as C2H 2, CO, C3H8, and C2C14. The first three are tracers of both urban and biomass-burning sources, while the last is purely indicative of urban/industrial pollution. Propane is also an eventual precursor of acetone. The data are segregated to show mixing ratios in the boundary layer (0-2 kin) and aloft (>2 kin). Figure 6 indicates that a significant association between the variability of acetone and that of key species is present. These relationships point to the common sources of CO, C2H 2 and C3H8, and acetone. The relationship with C2C14 is weaker in part because of the difficulty in resolving small changes in its measured concentrations of less than 20 ppt (precision=2 ppt) above a background of about 10 ppt. This background itself is somewhat variable because of hemispherical scale gradients in the mixing ratio of C2C14 due to its moderately short lifetime (--6 months). Other tracers such as CFCs showed worse precision problems and were not used. Indeed, air masses were strongly influenced by biomass burning in this region [Shipham et 
Sources, Sinks and Lifetime of Acetone
While the basic steps that determine the atmospheric chemistry of acetone and its precursors are relatively well defined, its sources are not well understood. The job is made further difficult by the fact that very little atmospheric data are available to construct its budget and the removal rates are both a function of season and latitude as acetone is removed by reaction with free radicals, by photolysis and dry and wet deposition. By using both photochemical models and measurements, we make a first attempt to develop a budget for acetone and compare our estimates of sources and sinks to describe areas of uncertainties. 
--> CH3CHO2CH 3 + H20 (80%) --> CH3CH2CH202 + H20 (20%) --> CH3COCH3+NO2 + HO2 --> CH3CH2CHO + NO2+ HO2 --> CH3CHOOHCH3 + 02 --> CH3CHOCH 3 + OH --> CH3COCH3 + HO2
Thus acetone is a product of propane oxidation both in high and in low NOx environments. The above mechanism actually applies to any alkane with a similar structure (CH3CHRCH 3) where R is an alkyl group. In the real world the most important candidates in this category are propane, 
(CH3)2C=CH2+OH + (02) --> (CH3)2C(O2)C(OH)H2 (CH3)2C(O2)C(OH)H 2 + NO--> CH3COCH 3 + HOCH 2 +NO 2 (CH3)2C=CH2 + 03 --> Criege Ozonides --> CH3COCH3+ O2CH2
In many studies involving ozonolysis, acetone has been identified as a product of C4-C 6 alkene oxidation [NAS, 1976] . Indeed, any molecule with a structure similar to (CH3)2=CR 2 is a potential source of acetone. Of course, as these molecules get more and more complex, competing reactions will cause the yields of acetone to drop. It is esti- primary productivity) is considered to be a reasonable estimate for the globe. Assuming that the lowest emission rate is representative of plants associated with 80% of CO 2 uptake and the highest rate, typical of evergreens, associated with 20% of CO2 uptake, an acetone global source of 9 Tg/yr can be calculated. Assuming the lowest emission rate to be representative of all vegetation, a 4 Tg/yr source is possible. To further explore the existence of biogenic sources of acetone we compared its atmospheric behavior during ABLE3B with that of a well-known biogenic hydrocarbon, namely, isoprene. Figure 11 shows the relationship between measured isoprene and acetone mixing ratios for the overlapping periods during ABLE3B. Since isoprene was rarely measured in the free troposphere, these data are from the boundary layer only (0-2 km). The three outlier data points are shown as circles as they represent conditions where the air sample was strongly influenced by an urban plume (mission 21) or a smoke plume (mission 13). While the available data are limited, Figure 11 is 
CONCLUSIONS
Acetone, an oxygenated organic hydrocarbon, has been found to be the dominant nonmethane organic species present in the subarctic atmosphere sampled during ABLE3B. A substantial global source in the vicinity of 40-60 Tg/yr is estimated to be present. It is suggested that nonmethane hydrocarbon oxidation, biomass burning, and direct biogenic emissions are important sources of acetone. Insufficient data are available to reliably quantify these source strengths. By using atmospheric data and photochemical models, a rough atmospheric budget of acetone has been presented. While the source-sink equation appears to be roughly balanced, much more atmospheric and source data are needed to reliably estimate these relationships. Atmospheric abundance of acetone is expected to have strong latitudinal and seasonal variations, but no direct observations are available. The possibility of deriving acetone abundances from atmospheric spectra (such as the Jungfraujoch spectra) should be explored. It is postulated that acetone photochemistry may be responsible for a significant fraction of the observed free tropospheric PAN. Oxygenated molecules are important components of the atmosphere even though very little about their sources and fate is known.
